Cognitive remediation has led to improvements for some but not all individuals with schizophrenia. The goal of the current investigation was to determine which variables predicted response to cognitive remediation training. In a sample of 58 patients with DSM-IV schizophrenia or schizoaffective disorder, normalization of performance on a trained memory task was selected as the criterion for successful remediation. The contribution of demographic, symptom, treatment process, and cognitive variables in predicting successful remediation was examined using a series of logistic regressions. A final regression evaluated the combined contribution of these variables. From among patients who were impaired before training, 43% reached normal levels of performance. Measures of attention, immediate verbal memory, hostility, and latency between last training and assessment were retained in the final step of the regression, resulting in 83% classification accuracy. Findings suggest that in addition to cognitive factors, motivational and training variables also significantly affect remediation outcomes.
M
ounting evidence indicates that impairments in neurocognition, particularly in memory, are strong predictors of social, community, and interpersonal function in schizophrenia (Green, 1996; Green et al., 2000; Semkovska et al., 2004; Smith et al., 1999; Silverstein et al., 1998) . More recent reports suggest that neurocognitive impairments associated with schizophrenia are not necessarily static and may be remediated through training and practice (Bell et al., 2001; Cassidy et al., 1996; Fiszdon et al., 2004; Kurtz et al., 2001; Medalia et al., 1998; O'Carroll et al., 1999; Spaulding et al., 1999b; Tompkins et al., 1995; Wykes et al., 1999) . Cognitive remediation has been shown to normalize previously impaired cognitive functions in as many as 50% of outpatients diagnosed with schizophrenia . It has also been shown that gains made through training are sustained over time Fiszdon et al., 2004; Hogarty et al., 2004; Wykes et al., 2003) .
Though there is clear evidence that cognitive remediation can improve cognition, the rate of improvement has not been uniform among patients receiving this intervention. Given the time and cost intensiveness of cognitive remediation, it is important to examine variables that will predict response to this treatment. The aim of the current study was to determine which factors are associated with success in cognitive remediation training.
Only a handful of studies have discussed potential predictors of response to cognitive remediation training. Based on their work, Sturm et al. (1997) , for example, suggest that cognitive functions are organized hierarchically, and that remediation of specific deficits can be successful only if it focuses on training cognitive functions at that, or a subordinate, level. For example, if an individual has impairments in selective attention, remediation specifically targeting this aspect of attention can be successful only if the more basic components of attention, such as alertness and vigilance levels, are adequate. This position is borne out in the work of Silverstein et al. (2001) , who, based on findings from their program of attention training, assert that particularly in the most severely impaired, chronic patients, remediation should focus on the basic cognitive functions necessary for the performance of any task. This view is also echoed in the work of Sohlberg et al. (2000) , who, in a study comparing attention process training to education and therapeutic support in a sample of patients with brain injury, reported a differential treatment effect for patients with low versus high vigilance. Their results indicated that whereas for high vigilance patients, improvement on a task involving high-level executive function was equal in the two treatment groups, for low vigilance patients, improvements were greater in the group receiving attention process training. This supports the view of a hierarchical organization of cognitive functions and the need to train more basic functions before more complex ones can be remediated.
The work of Michel et al. (1998) also supports the view that cognitive task performance is predicated on adequate cognitive function at subordinate levels. These authors examined predictors of performance on a Tower of Toronto task and reported that poor performance was associated with poor problem-solving ability, impaired visual explicit memory, and lower IQ. Symptom, side effect, and medication levels were not associated with performance. When patients with impaired Tower of Toronto task performance were provided with additional trials and training, patients who did not improve were characterized by a severe memory deficit.
Additional hypotheses about potential predictors of remediation success can also be drawn from studies that examine the ability of patients to benefit from laboratorybased training interventions, frequently referred to as learning potential. These studies have been particularly important because they show that improvement on brief laboratorybased training interventions is in turn related to improvements in rehabilitative interventions such as problem solving or medication management (Wiedl et al., 2001a) , as well as to performance of complex, work-related tasks (Sergi et al., 2003) . Though still in its incipient stages, work in this area suggests that compared with individuals who do not respond to training, those who do respond show better target discrimination sensitivity (d-prime) on a continuous performance task (Wiedl et al., 2001b) . This again suggests that the basic cognitive functions like attention need to be intact in order for a person to benefit from remediation.
In the current investigation, we sought to determine which variables are associated with success in a cognitive remediation training program. The first question to tackle was how to distinguish learners from nonlearners-in other words, individuals for whom the training has had a significant impact on performance. A statistically significant prepost training difference is one way of defining success and has the advantage of a threshold increase in performance. However, this approach does not take into account that even though performance has improved significantly, it may still be considerably impaired. Because the goal of cognitive remediation is to improve cognition so that the individual may in turn benefit more from other psychosocial interventions such as skill training, we rationalized that a more stringent, better measure of improved performance would be whether the individual reaches a threshold of normal performance-in other words, for the remediation to lead to cognitive performance that is similar to that of individuals who do not suffer from schizophrenia, and whose overall social, occupational, and interpersonal functioning is adequate. With this in mind, our criterion for successful remediation was task performance that was within 1 SD of healthy controls.
As a measure of remediation success, we selected a digit span memory task that was part of the training battery. A memory task was selected for investigation because of the importance of memory in rehabilitation. Indeed, memory in particular was selected because it has repeatedly been shown to correlate with schizophrenia patients' ability to benefit from psychosocial treatments such as skills training and problem solving (Green, 1996; Green et al., 2000; Mueser et al., 1991; Silverstein et al., 1998; Smith et al., 1999) .
The task selected was one of two memory tasks on which patients received training, and for which data from healthy controls was available, making it possible to set a threshold for success of cognitive remediation. The digit span task was specifically selected because we have previously found a better improvement rate for this task (Bell et al., 2004b) because we have identified some potential confounds in the other available memory task, and because we have recently found a relationship between performance improvement on this task and a measure of functional outcome (occupational function), and concluded based on this that the task may be a good marker of responsiveness to cognitive remediation training (Bell et al., 2004a) .
METHODS

Participants
The schizophrenia sample consisted of 58 individuals who participated in the neurocognitive enhancement therapy (NET) ϩ work therapy (WT) condition of a larger study comparing NET ϩ WT to WT alone (see Bell et al., 2001 , for full description). Each participant had to meet the following inclusion criteria: outpatient status, no change in psychiatric medications in past 30 days, no change in housing in past 30 days, no alcohol or drug abuse in past 30 days, no documented developmental disability, no known neurological disorder, and a GAF score above 30. All participants were referred by their clinicians and were receiving treatment at the VA Connecticut Healthcare System. Informed written consent was obtained for every participant. The Structured Clinical Interview for DSM-IV (First et al., 1996) was administered by trained PhD-level psychologists to obtain DSM-IV (American Psychiatric Association, 1994) diagnoses. Forty of the participants met criteria for schizophrenia, and 18 met criteria for schizoaffective disorder. The mean age was 41.4 (9.7), with a mean education level of 13.2 (2.1) years. Seventy-six percent of the sample was male. The mean Positive and Negative Syndrome Scale (PANSS; Kay et al., 1987) score was 77.3 (16.0), indicating moderate levels of symptom severity.
Community control data used in this study had been obtained earlier, from a sample of 39 students attending a nearby technical college. There were no significant differences between the schizophrenia and community control participants on education levels (patients ϭ 13.2 ͓2.1͔; controls ϭ 13.9 ͓1.9͔; t ͓95͔ ϭ -1.73; p ϭ 0.09) or on the information subtest of the Wechsler Adult Intelligence Scale (WAIS-III; patients ϭ 10.2 ͓3.5͔; controls ϭ 9.2 ͓2.5͔; t ͓95͔ ϭ 1.57; p ϭ 0.12). As would be expected, on the WAIS-III digit span subtest, the schizophrenic sample scored significantly lower than the control sample (7.5 ͓2.0͔ vs. 9.2 ͓2.4͔; t ͓94͔ ϭ -4.13; p Ͻ 0.001). The community controls were also significantly younger than the patient sample (mean age, 29.6 ͓10͔; t ͓95͔ ϭ 5.84; p Ͻ 0.0001), and there was a significantly greater proportion of females in the control group (24% vs. 90%, respectively; 2 ͓1͔ ϭ 40.2; p Ͻ 0.0001; refer to Bell et al., 2004b , for further description of this sample). These community controls received single administrations of the computerized cognitive remediation battery.
Measures and Design
At study intake, demographic and symptom (PANSS) data were collected along with neurocognitive measures, including the WAIS-III (Wechsler, 1997) , the Continuous Performance Test (CPT; Loong, 1991) , Trail Making Test A and B (Reitan and Wolfson, 1985) , and the Hopkins Verbal Learning Test (HVLT; Brandt, 1991) . In addition to participating in a 6-month work program, all schizophrenia participants also underwent a 6-month course of NET, consisting of up to five 45-minute computerized cognitive training sessions (using the PSS CogReHab software; Bracy, 1995) per week. Participants trained on a variety of computerized tasks involving memory, attention, and executive function. Throughout the training, task difficulty was modified based on performance according to predetermined criteria. Participants completed an average of 43 cognitive training sessions (SD ϭ 33.00; range ϭ 0 -144). A follow-up assessment was administered at the end of the 6-month course of remediation. The average latency between last cognitive training session and the follow-up assessment was 35 days (SD ϭ 57.76; range ϭ 0 -208).
The current article focuses on changes in performance on one of the tasks contained in the cognitive training battery: digit span. During the digit span task, participants are presented with digits, flashed one at a time for 1.5 seconds each. Five seconds after digit presentation, participants are instructed to click numbered tabs (on the bottom of the screen) to replicate the sequence of digits presented. The number of digits presented per trial (list length) begins at two and increases with success. Ten trials are administered, and the longest string length and the total number of digits successfully recalled across all trials are recorded. The maximum number of total digits recalled across all trials is 64. For the current analyses, intake and end of training (follow-up) total digits recalled scores were used. Total digits recalled score was used instead of longest string length because it provides for more variability in the range of scores. However, mean scores at intake and follow-up for the two groups are also reported for longest string length, since it is a commonly used variable.
Data Analyses
As a first step, data on the community sample's performance for the digit span task was used to set a threshold for what constitutes impaired (more than 1 SD below the community sample mean) or normalized (within 1 SD of the community sample mean) performance. The community sample's mean performance on the digit span task was 32.26 (SD ϭ 6.1), making the minimum threshold for normalized performance a score of 27. Next, patients were categorized into normalized or impaired groups. The normalized group included those with impaired pretraining performance and normalized posttraining performance (N ϭ 21). In the impaired group were those with impaired posttraining performance (N ϭ 28). There were nine patients whose pretraining and posttraining performance was within the normal range. These patients were not included in the regression analyses detailed below. Table 1 
contains a comparison of baseline demographic and clinical variables for all three groups.
A series of four logistic regressions with forward variable selection was conducted. Variables entered were from the baseline assessments and were chosen for entry into logistic regressions based on exploratory univariate analyses and relationships reported in previous research. These variables were categorized as demographics, treatment process, symptoms, and psychological test scores. Regressions were performed independently for each grouping to differentiate normalized and impaired groups optimally, and to optimize the subject to variable ratio. Table 2 summarizes the variables initially entered into these four regressions. A fifth regression examined the combined contribution of significant predictors from the initial four analyses in optimally differentiating patients in the normalized and impaired groups. The probability statistic for the stepwise logistic regressions was set at .15 for entry and .19 for removal.
To ascertain that our normalization criterion was sufficiently stringent and did not reflect minor fluctuations around the normalization threshold we had set, we conducted a repeated-measures ANOVA with normalization as the between-subjects variable and digit task list length as the within subject variable.
RESULTS
When dichotomized into normalization and continued impairment groups, for patients whose performance was categorized as impaired, the longest digit string length was 5.11 (1.42) at study intake and 5.18 (1.12) at follow-up. For patients whose performance was categorized as normalized, the longest digit string length was 5.29 (.72) at study intake and 7.57 (.87) at follow-up. Variables chosen for entry into the first four logistic regressions are reported in Table 2 . Table 3 presents the results of all the regressions, with the exception of the demographic regression, for which no variables met minimum inclusion criteria. For the combined model, the following variables were retained on the final step: CPT relative correct (number of correct responses/total number of re- 
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Predictors of Remediation Success sponses), WAIS-III digit span, latency (number of days between last training and follow-up testing), and PANSS hostile component. Together, these variables accounted for 74% of the variance. Overall classification accuracy for the final step of the combined model was 83% (89% for predicting normalized group and 75% for predicting impaired group membership). A repeated-measures ANOVA with normalization status as the between-subjects variable and digit span list length as the within-subject variable showed a main effect of time on the digit list length variable (F ͓1, 48͔ ϭ 49.48; p Ͻ 0.001) and a significant interaction between time and normalization status (F ͓1, 48͔ ϭ 46.37; p Ͻ 0.001).
DISCUSSION
Results indicate that vigilance, immediate verbal memory, latency between last training and testing, and hostility combine to account for over 70% of the model variance. Having information on just those four variables provides an 83% accuracy rate in predicting who will normalize and who will remain impaired following cognitive remediation training. The interpretation of the above results is relatively straightforward. It appears that good attention, immediate memory, and a cooperative (less hostile) attitude are key elements to ensuring the success of cognitive remediation. Moreover, it appears that success in remediation is not related to illness chronicity, as indicated by no significant group differences on age at onset, lifetime hospitalizations, and other demographic variables. Though it is not surprising that intake WAIS-III digit span performance predicted response to cognitive remediation, it should be noted that both patient groups had very similar performances on the digit span training task at intake. It is also important to note that in the final regression, the most predictive power was associated with the CPT variable, which is a measure of vigilance. This may be a reflection of the importance of the ability to control conscious (or cognitive) activity, which has been proposed to be a key ingredient in the cognitive rehabilitation of schizophrenia by Spaulding et al. (1999a) as well as Silverstein and Wilkniss (In press) . This is also consistent with the work of Sturm et al. (1997) as well as Sohlberg et al. (2000) , who suggest that more basic cognitive functions must be intact before training of more complex tasks can be successful. 
Fiszdon et al.
The Journal of Nervous and Mental Disease • Volume 193, Number 9, September 2005 Finding that latency between training and retest was also a significant predictor suggests the possibility that performance may decay over time. However, there are several recent studies in the literature that directly address this issue Fiszdon et al., 2004; Wykes et al., 2003) and indicate that training effects are usually sustained over time. These other studies used change scores as continuous variables, whereas our study had the stiffer criterion of reaching a normalized level of performance. It appears that latency has some effect on posttraining performance, but gains may be retained.
An important feature of this study that requires emphasis is our end-point criterion. Whereas most cognitive remediation studies focus on performance improvement, we focused on performance normalization. Critics of cognitive remediation have argued that even if this treatment results in significant improvements, these improvements may lack practical significance-individuals may still continue to be quite impaired in spite of making statistically significant gains. By characterizing task improvement in terms of normalization, we focused on what we consider clinically significant improvement-function within the normal range. We reasoned that this type of criterion would have more realworld applicability as far as determining the success of treatment, as well as readiness for other types of rehabilitation that put demands on memory. For example, we have shown that good working memory is important for continuing improvement in work performance . Additional analyses on raw scores for digit list length support our use of the normalization criterion, with statistically significant improvements for the normalization group only. This is an exploratory analysis of predictors of cognitive remediation success, as previously defined. We focused on a specific type of cognitive functioning, memory, and a specific performance task, digit span. Compared with the patient sample, the community controls were significantly younger and more likely to be female. The sample consisted of patients diagnosed with either schizophrenia or schizoaffective disorder. A single digit span task was used as a measure of immediate memory. All of these variables may limit the generalizability of the findings. Though it is unknown whether variables identified in this study also predict success on other tasks, even those within the memory domain, there are certain core cognitive functions (like attention and short-term memory) that likely underlie potential for improvement on most any task.
Future studies examining predictors of remediation success would benefit by better matching control data to patient data on demographic variables. Also of benefit would be the inclusion of treatment variables such as self-efficacy and motivation that have been repeatedly suggested as important components of treatment success, (e.g., Silverstein et al., 2001) . Additionally, studies that use other benchmarks of remediation success, such as long-term episodic memory, which is more closely related to functional outcome than the immediate memory measure used here, may shed even more light on variables that increase the likelihood that remediation will be successful.
CONCLUSION
These preliminary results are encouraging and suggest that we may successfully predict under what sorts of conditions patients are most likely to benefit from cognitive remediation. Being able to predict the success of cognitive remediation training can in turn advise us to the types of psychosocial interventions best suited to individual patients, as well as assist in targeting and modifying specific variables related to remediation success, resulting in a more individualized approach to patient care.
